(12) imBRNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid InteDectoal Property 
Oiganizatioii 
International Bureau 

(43) Intenutioiial Publication Date 
18 November 2004 (18.11.2004) 




PCT 



illMiiilllOiiiiilliiilll 



(10) International Publication Number 

wo 2004/100268 Al 



(51) Intematiaiial Patent Cias^catlon^: 
21/76 

(21) International Application Number: 



HOIL 27/12. 



PCr/FP2004A)06176 
(22) International Filing Date: 28 April 2004 (28.04.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
2003-128000 



6 Nfay 2003 (06.05.2003) JP 



(71) Applicant (for all designated Stales except USjiC^^f^ 
iL\BlJSHIKI"K>!JSHA^[JP/JP] ; 3-30-2. Shimomanikcg 
OhtS^kuTtol^o 1468501 (JP). 

(72) Invaitor;and 

(75) Inventor/Applicant (for US only)i YONEHARA, Takao 
[JP/JP]; do Canon Kabushild Kaisha, 3-30-2. Shimo- 
maruko, Ohta-ku. Tokyo 1468501 (JP). 

(74) Agent: OHTSUKA, Yasunori; 7th Fl., Shuwa Kioic^o 
Park Bldg., 3-6, Kioicho, Chiyoda-lcu, Tokyo 1020094 
I (JP). 



(81) Designated States (unless othentfise indicated, for every 
kind of national pmtection available): AE. AG. AL. AM. 
AT. AU. AZ. BA. BB. BG. BR. BW, BY. BZ. CA. CH. CN. 
CO. CR. CU. CZ, DB. DK. DM, DZ, EC, EE. EG. ES. Fl, 
GB, GO. GE. GH. GM. HR, HU. ID. IL. IN. IS. KE. KG, 
KP. KR. KZ, LC. LK, LR, LS. LT, LU, LV, MA. MD. MG, 
MK. MN, MW. MX. MZ. NA. NI, NO, NZ. OM. PG. PH. 
PL, PT, RO, RU, SC, SD, SE. SG, SK, SL, S Y. TJ. TM. TN. 
TR, TT. TZ. UA, UG. US. UZ. VC. VN. YU. ZA. ZM. ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available)i ARIPO (BW. GH, 
GM. KB. LS, MW, MZ, NA, SD, SL, SZ. TZ, UG, ZM. 
ZW). Eurasian (AM, AZ. BY, KG, KZ, MD. RU, TJ, TM). 
European (AT, BE. BG. CH. CY, CZ. DE, DK, EE, ES. FI. 
FR, GB, GR, HU, IE, IT. LU, MC, NL. PL. PT. RO. SE. SI. 
SK, TR), OAPl (BF, BJ, CF, CG, CI, CM. GA. GN. GQ. 
GW. ML, MR, NE. SN. TD. TG). 

Published: 

— with intematiorud search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazfitte. 



00 



O 



^ (54) Title: SUBSTRATE. MANUFACTURING METHOD THEREFOR. AND SEMICONDUCTOR DEVICE 

(57) Abstract: A step of forming the 
first substrate which has a sqxaration 
layer and a Ge layer on the separation 
layer, and a step of forming a bonded 
substrate stack by bonding the first 
substrate to the second substrate 
through an insulating layer, and a step 
of dividing the bonded substrate stack 
at the separation layer are performed, 
thereby obtaining a substrate with a 
GOI stnictme. 
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DESCailPTION 

SUBSTRATE, MANUFACTURING METHOD THEREFOR, AND 
SEMICONDUCTOR DEVICE 

5 TECHNICAL FIELD 

The present invention relates to a substrate, a 
manufacturing method therefor, and a semiconductor 
device and, more particularly, to a substrate with a 
GOI (Germanium-On-Insulator) stzructure having a Ge 
10 layer on an insulator, a manufacturing method therefor, 
and a semiconductor device* 



BACKGROUND ART 

In recent years, a substrate with an SOI 

15 (Silicon-On- Insulator) structure having an Si layer on 
an insulator has received attention. For example, 
VJapmese Patent Nps". 27608 ,;^J5Ii^^ 
3 /0487201 ^ each disclose a method of manufacturing such 
an SOI substrate. 

20 There has recently been proposed a semiconductor 

device with a GOI (Germanium-On- Insulator) structure 
having a Ge layer on an insulator. A semiconductor 
device with a GOI structure is expected to be superior 
to a semiconductor device with an SOI structure 

25 particularly in performance speech • For example, ^USF^ 
\/^V50VJ^S^ discloses a semiconductor device with a GOI 
structure and a method of manufacturing a GOI 
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substrate. The manufacturing method disclosed Infg^ 
^^Si^i^^ bonds an SI substrate to an Insulating film 
formed on a Ge substrate, thereby obtaining a 601 
substrate. The GOI substrate Is used to obtain a 
5 semiconductor device which employs a thin Ge film . 
having a thickness of 500 A as an active layer. 

To obtain a semiconductor device which employs a 
t^in Ge film as an active layer using a GOI substrate 
formed by bonding together a Ge substrate and an Si 

10 substrate, as disclosed in USP^6^^^^!^ most of the 
Ge substrate having a thickness of about several 
hundred A6m needs to be removed by polishing or 
etching, prior to the step of forming the semiconductor 
device. It is difficult to control the thickness of 

15 the thin Ge film to be uniform In removing the Ge 

substrate by pollsliing or the like. Accordingly, the 
semiconductor device to be obtciined cannot sufficiently 
exhibit its superiority as a device with a GOI 
structure. The semiconductor device is hard to 

20 manufacture at high yield, and a process of removing 
almost the entire part of the Ge substrate increases 
the manufacturing cost. 

DISCLOSURE OF INVENTION 
25 The present invention has been made on the basis 

of the above-mentioned background, and has as its 
object to provide a method of manufacturing a GOI 
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substrate which sufficiently exhibits the superiority 
as a semiconductor device with a GOI structure and can 
ensure good economy. 

According to the present invention, there is 
5 provided a method of manufacturing a substrate which 
has a Ge layer on an insulating layer,, characterized by 
comprising steps of forming a first substrate which has 
a separation layer and a 6e layer on the separation 
layer, forming a bonded substrate stack by bonding the 

10 first substrate to a second substrate through an 

insulating layer, and dividing the bonded substrate 
stack at the separation layer. 

Other features and advantages of the present 
invention will be apparent from the following 

15 description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof. 

20 BRIEF DESCRIPTION OF DRAWINGS 

The accompanying drawdLngs, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
25 of the invention. 

Fig. 1 is a view for explaining a substrate 
manufacturing method according to a preferred 
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embodiment of the, present Invention; 

Fig. 2 is a view for explaining the substrate 
manufacturing method according to the preferred 
embodiment of the present invention; 
5 Fig. 3 is a view for explaining the substrate 

manufacturing method according to the preferred 
embodiment of the present invention; 

Fig. 4 is a view for escplaining the substrate 
mcinuf acturing method according to the preferred 
10 embodiment of the present invention; 

Fig. 5 is a view for explaining the substrate 
manufacturing method according to the preferred 
embodiment of the present invention; 

Fig. 6 is a view for explaining the substrate 
15 manufacturing method according to the preferred 
embodiment of the present invention; 

Fig. 7 is a view for explaining the substrate 
manufacturing method according to the preferred 
embodiment of the present invention; 
20 Fig. 8 is a view for expladLning the substrate 

manufacturing method according to the preferred 
embodiment of the present invention; and 

Fig. 9 is a view for explaining a semiconductor 
device according to the preferred embodiment of the 
25 present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 
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A preferred embodiment of the present invention 
will be described below with reference to the 
accompanying drawings. 

Figs. 1 to 8 are views for esqilaining a method of 
5 manufacturing a GOI substrate according to the 

preferred embodiment of the present invention. In the 
step shown in Fig. 1, a semiconductor substrate 11 is 
prepared. In the step shown in Fig. 2. a separation 
layer 12 is formed' on the surface of the semiconductor 
10 substrate 11. As the semiconductor substrate 11, an Si 
substrate or Ge substrate is preferable. As the 
separation layer 12, a porous layer formed by anodizing 
the surface of the semiconductor substrate 11 is 
preferably used. Anodization can be performed by, 
15 e.g., arranging an anode and cathode in an electrolytic 
solution containing hydrofluoric acid (HF), arranging a 
semiconductor substrate between the electrodes, and 
supplying a current between them. The porous layer may 
be made up of a plurality of, ile., two or more layers 
20 having different porosities. 

In the step shown in Fig. 3, a Ge layer 13 is 
formed on the separation layer 12 by epitaxial growth. 
The epitaxial growth on the porous layer serving as the 
separation layer 12 allows the Ge layer 13 to have a 
25 uniform thickness and good crystallinity. If an Si 
substrate is employed as the semiconductor substrate 
11, the porous Si layer 12 between the Si substrate 11 
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and the Ge layer 13 can relax mismatch between the 
lattice constant of Si and that of Ge to obtain the Ge 
layer 13 with good orystallinity. On the other hand, 
when a Ge substrate is employed as the semiconductor 
5 substrate 11, no lattice constant mismatch occurs, and 
the Ge layer 13 with better cirstallinity can be 
obtained. 

Instead of the processes shown in Figs. 2 and 3, 
for example, a method of implanting ions such as 

10 hydrogen ions at a predetermined depth from the surface 
of the semiconductor substrate 11 in the state shown in 
Fig. 1 to form an ion-JLmplanted layer as the separation 
layer 12 may be adopted. In this case, a Ge substrate 
is preferably employed as the semiconductor substrate 

15 11, and a portion on the surface side as viewed from 
the separation layer 12 serves as the Ge layer 13. 

In the step shown in Fig. 4, an insulating layer 
14 is formed on the Ge layer 13. In the 
above-mentioned manner, a first substrate 10 having the 

20 Ge layer 13 on the porous layer or ion-implanted layer 
serving as the separation layer 12 is formed. As the 
insulating layer 14, silicon dioxide (SiO^) can be 

used. Other preferable examples of the insulating 
layer 14 include an oxide film of silicon oxynitride 
25 (SiON), aluminum oxide (Al^Oj), hafnium oxide (HfO^), 

zirconium oxide (ZrOj), tantalum oxide (Ta^O^), and the 

like. 



p 
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In the step shown in Pig. 5, a second substrate 
20 is bonded to the surface of the first substrate 10 
shown in Fig. 4 to form a bonded substrate stack 30. 
Typically, an Si substrate or a substrate obtained by 
5 forming an insulating film such as an SiO^ layer on its 

surface is preferably employed as the second substrate 
20. Also, any other substrate such as a glass 
substrate may be en5>loyed as the second substrate 20. 

In the step shown in Fig. 6, the bonded substrate 

10 stack 30 is divided into two substrates by cutting it 
at the separation layer 12. This division can be 
performed by, e.g., a method of using a fluid. As the 
method, a method of forming a jet of a fluid (liquid or 
gas) and injecting the jet to the separation layer 12, 

15 a method which utilizes the static pressure of a fluid, 
. or the like is preferably employed. Out of jet 
injection methods, a method using water as the fluid is 
called a wafer jet method. The division can also be 
performed by aimealing the bonded substrate stack 30. 

20 Such division by annealing is particularly effective 

when an ion- implanted layer is formed as the separation 
layer 12. Alternatively, the division may be performed 
by inserting a solid member such as a wedge into the 
separation layer 12. 

25 In the step shown in Fig. 7, a separation layer 

12b left on the Ge layer 13 of the second substrate 20 
is removed using an etchant or the like. At this time. 
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the Ge layer 13 Is preferably used as an etching 
stopper layer. Then, a planarization step such as a 
hydrogen annealing step, polishing step, or the like 
may be performed as needed to planarize the Ge layer 
5 13. 

With the above-mentioned operation, a 
semiconductor substrate 40 shown in Fig. 8 is obtained. 
The semiconductor substrate 40 shown in Fig. 8 has the 
thin Ge layer 13 on its surface and the insulating 

10 layer 14 immediately below the Ge layer 13. The 

expression "thin Ge layer" is intended to mean a layer 
thinner than a general semiconductor substrate. To 
exhibit the superiority as a semiconductor device, the 
thickness of the Ge layer 13 preferably falls within a 

15 range of 5 nm to 2 Mm. A gallium arsenide (GaAs) 

layer can be formed on the Ge layer 13, depending on 
the specifications of the semiconductor device. Since 
mismatch between the lattice constant of Ge and that of 
GaAs is small, a GaAs layer with good crystallinity can 

20 be obtained. 

After the bonded substrate stack 30 is divided in 
the step shown in Fig. 6, a separation layer 12a left 
in the first substrate 10 is removed using an etchant 
or the like. Then, the hydrogen annealing step, 

25 polishing step, or the like may be performed to 
planarize the first substrate 10 . The planarized 
substrate may be reused as the semiconductor substrate 
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11 to be used in the step shown in Pig. 1. Repeated 
use of the semiconductor substrate 11 can greatly 
reduce the manufacturing cost of a GO! substrate. 

As has been described above, the manufacturing 
5 method according to the present invention makes it 

possible to obtain a GOI substrate which has a thin Ge 
film with a uniform thickness and good crystallinity. 
Also, the manufacturing method according to the present 
invention can greatly reduce the manufacturing cost of 
10 a GOI substrate. 
[Examples] 

Preferred examples of the present invention will 
be described below. 
(Example 1) 

15 A first p-type Si substrate 11 with a resistivity 

of 0.01 Q • cm was prepared. Then, the first Si 
substrate 11 was anodized in an anodizing solution to 
form a porous Si layer serving as a separation layer 
12. The anodizing conditions were as follows. 

20 Current density: 7 (mA/cm^) 

Anodizing solution: HF : H2O : CaHsOH « 1 : 1 : 1 
Time: 11 (min) 

Thickness of porous silicon: 12 (Mm) 

The current density and the concentrations of the 
25 respective components of the anodizing solution can 
appropriately be changed in accordance with the 
thickness, stinicture, and the like of the separation 
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layer (porous SI layer) 12 to be formed* Preferably^ 
the current density falls within a range of 0.5 to 700 
inA/cm^, and the ratio between the concentrations of the 
components of the anodizing solution falls within a 
5 range of 1 : 10 : 10 to 1 : 0 : 0. 

The porous Si layer is useful because a 
high-guality epitaxial Ge layer is foxrmed thereon, and 
the porous Si layer functions as the separation layer. 
The thickness of the porous Si layer is not limited to 

10 that of the above example. Good results can be 

obtained as far as the thickness falls within a range 
of, e.g., 0,1 lira to several hundred Atm. 

The anodizing solution only needs to contain HF 
and need not contain ethanol. Bthanol, however, is 

15 useful for removing any air bubbles from the surface of 
the substrate and is preferably added to the anodizing 
solution. Examples of a chemical agent which has a 
function of removing air bubbles include, e.g., 
€LLcohols such as methyl alcohol and isopropyl alcohol, 

20 a surfactant, and the IdLke in addition to ethanol. 
Instead of adding these chemical agents, air bubbles 
may be eliminated from the substrate surface by 
vibrations of ultrasonic waves or the like. 

The anodized substrate was oxidized in an oxygen 

25 atmosphere at 400°C for 1 hr. With this oxidation 

step, the inner walls of pores of the porous Si layer 
were covered with a thermally oxidized film. A Ge 
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layer 13 having a thickness of 0.3 Mm Is epltaxlally 
grown on the porous Si layer by chemical vapor 
deposition (CVD) . The growth conditions were as 
follows • 
5 Source gas: GeH4/H2 

Gas flow rate: 0.5/180 L/min 
Gas pressure: 80 Torr 
Temperature: 600^C 
Growth rate: 0.3 Mm/min 
' 10 Note that these growth conditions can 

appropriately be changed in accordance with required 
specifications of the Ge layer 13. 

Then, Zr was deposited to a thickness of 200 nm 
on the surface of the epitaxial Ge layer 13 by 
15 sputtering in an ultrahigh vacuxim at room temperature. 
The first Si substrate 11 was oxidized with ozone in 
situ in the same chamber to form a ZrO, layer 14. 

The surface of a first substrate 10 and that of a 
second substrate 20 were put together and brought into 

20 contact with each other. The first substrate 10 and 
second substrate 20 were subjected to annealing at 
800^C for 5 min, thereby increasing the bonding 
strength. With this operation, a bonded substrate 
stack 30 was obtained. 

25 Pure water was injected from a 0.1 -mm nozzle of a 

water jet apparatus toward a concave portion (concave 
portion formed by the beveled portions of the two 
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substrates 10 and 20) of the periphery of the bonded 
substrate stack 30 in a direction parallel to the 
bonding interface of the bonded substrate stack 30 at a 
high pressure of 50 MPa. With this operation, the 
5 bonded substrate stack 40 was cut at the separation 

layer 12 and divided into two substrates. The pressure 
of the pure water preferably falls within a range of, 
e.g., several MPa to 100 MPa. 

In this division step, any one of the following 
10 operations may be performed. 

(1) The nozzle performs scanning such that a Jet 
of pure water injected from the nozzle moves along the 
concave portion formed by the beveled portions. 

(2) The bonded substrate stack 30 is held by a 
15 wafer holder and rotates on its axis to inject pure 

water into the concave portion formed by the beveled 
portions around the periphery of the bonded substrate 
stack. 

(3) The operations (1) and (2) are performed in 

20 combination . 

Consequently, the ZrO^ layer 14, epitaxial Ge 

layer 13, and a part 12b of the porous Si layer 12, 
which were originally formed on the side of the first 
substrate 10 were transferred to the side of the second 
25 substrate 20. Only the porous Si layer 12a was left on 
the surface of the first substrate 10. 

Instead of dividing (separating) the bonded 
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substrate stack by a water jet method, a jet of gas may 
be used or a solid wedge may be inserted into the 
separation layer of the bonded substrate stack. 
Alternatively, a mechanical force such as a tensile 
5 force, shearing force, or the like may be applied to 
the bonded substrate stack or ultrasonic waves may be 
applied to the bonded substrate stack. In addition, 
any other method may be adopted. 

The porous Si layer 12b which was transferred to 
10 the uppermost surface of the second substrate 20 was 

selectively etched using an etchant in which at least a 
49% hydrofluoric acid (HP) solution, a 30% hydrogen 
peroxide (HjOj) solution, and water (H^O) were mixed. 

The 6e layer 13 was left unetched while the porous Si 
15 layer 12b was selectively etched and completely 

removed. If the selective etching is perfoacmed while 
rotating the substrate and starting/stopping generating 
ultrasonic waves using an apparatus combined with a 
circulator which circulates the etchant, non- uniform 
20 etching on the surface of each substrate and among 
substrates can be suppressed. Additionally, if an 
alcohol or surfactant is mixed with the etchant, 
unevenness in etching caused by reactive air bubbles on 
the surface can be suppressed. 
25 The etching speed of the Ge layer with the 

etchant is extremely low, and the selectivity ratio to 
the etching speed of the porous layer reaches 10* or 
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more. The etching amount in the Ge layer can 
practically be neglected* 

With the above -mentioned steps, a semiconductor 
substrate which has the 6e layer 13 with a thickness of 
5 0.3 /^m on the ZrO^ layer 14 was obtained. Although the 

porous Si layer was selectively etched, no change 
occurred in the Ge layer 13. When the film thickness 
of the formed Ge layer 13 was measured at 100 points 
across the surface, the uniformity of the film 

10 thickness was 301 nm ± 4 nm. 

The observation of the cross section with a 
transmission electron microscope showed that the Ge 
layer 13 meiintained good cJTrstallinity. 

Furthermore, the substrate was subjected to 

15 annealing in a hydrogen atmosphere at 600®C for 1 hr, 
and the surface roughness of Ge was evaluated with an 
atomic force microscope • The mean square roughness in 
a 50-Mm-square region was about 0.2 nm, which was 
equivalent to that of a commercieLLly available Si 

20 wafer. 

The surface may be plan6Lrized by polishing such 
as CMP, instead of hydrogen annealing. 

If plasma processing is performed for at least 
one of respective surfaces to be bonded of the first 
25 and second substrates as a preprocess of the bonding 
step, the bonding strength can be increased even by 
annealing at a low temperature. Additionailly, a 
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substrate having undergone plasma processing is 
preferably washed with water. 

In the division step, a plurality of bonded 
substrate stacks may be arranged in their planar 
5 direction, and a nozzle of a water jet apparatus may 
perform scanning along the planar direction, thereby 
continually dividing the plurality of bonded substrate 
stacks . 

Alternatively, a plurality of bonded substrate 
10 stacks may be arranged in a direction jperpendicular to 
each plane, and a nozzle of a water jet apparatus may 
be provided with an X-Y scanning function. Then, a jet 
of water may sequentially be injected toward a 
plurality of bonding portions of the bonded substrate 
15 stack, and the bonded substrate stacks may 
automatically be divided. 

After the division step, the porous Si layer 12a 
left on the first substrate 10 was removed, and the 
first substrate 10 was subjected to planarizatlon. 
20 Reuse of the planarized substrate in the formation step 
of the first substrate can reduce the manufacturing 
cost of a GOI substrate. Repeated reuse can greatly 
reduce the manufacturing cost of the GOI substrate. 
(Example 2) 

25 This exan^le is an improved example of Example 1 

and is the same as Example 1 except for anodizing 
conditions . 
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In this example, an Si substrate 11 was prepared 
and anodized in a solution containing HF under either 
of the following anodizing conditions. 
(First Anodizing Condition) 
5 (First Step) 

Current density: 8 (mA/cm^) 

Anodizing solution: HF : H2O : C2H5OH =1:1:1 
Time: 11 (min) 

Thickness of porous silicon: 13 itim) 
10 (Second Step) 

Current density: 22 (mA/cm^) 

Anodizing solution: HF : H2O : C2H5OH =1:1:1 
Time: 2 (min) 

Thickness of porous silicon: 3 (Mm) 
15 or 

(Second Anodizing Condition) 
(First Step) 

Current density: 8 (mA/cm^) 

Anodizing solution: HF : H2O : C2H5OH = 1:1:1 
20 Time: 5 (min) 

Thickness of porous silicon: 6 (/^m) 
(Second Step) 

Current density: 33 (mA/cm^) 

Anodizing solution: HF : H2O : C2H5OH =1:1:1 
25 Time: 1.3 (min) 

Thickness of porous silicon: 3 iP^m) 

The first porous Si layer to be formed at the 
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first step of the anod±zat±on is used to form a 
high-quality epitaxial Ge layer thereon. The second 
porous Si layer to be formed under the first porous Si 
layer at the second step of the anodization is used as 
5 a separation layer - 
(Example 3) 

An FET with the structure shown in Fig. 9 was 
formed on a semiconductor substrate manufactured by 
each of the methods described in Examples 1 and 2. A 
10 gate insulating film 41 made of zirconium oxide (ZrO^), 

a gate electrode 42 made of porous silicon, a channel 
region 43, and a source and drain region 44 were formed 
in a semiconductor substrate 40 with a GOI structure 
which has a Ge layer 13 on an insulating layer 14 made 
15 of zirconium oxide (ZrO^). As the gate insulating film 
41, an oxide film of, e.g., aluminum oxide (Al^Oj) , 
hafnium oxide (HfOj^) , tantalum oxide (Ta^O^), or the 
like may preferably be used in addition to zirconium 
oxide (ZrOj). In this example, the FET was formed on 
20 the semiconductor substrate manufactured by each of the 
methods described in Examples 1 and 2. The present 
invention, however, is not limited to this, and other 
semiconductor devices such as a transistor, diode, LSI, 
and the like can be formed. 
25 (Other Example) 

Various film foaming techniques such as CVD, MBE, 
sputtering, liquid phase growth can be applied to an 
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epitaxial growth step for forming a Ge layer, 

Also, various other etchants (e.g., a mixture of 
a hydrofluoric acid solution, nitric acid solution, and 
acetic acid solution) can be applied to a step of 
5 selectively etching a separation layer (porous layer, 
ion implantation layer, or the like) left upon 
division, in addition to a mixture of a 49% 
hydrofluoric acid solution, a 30% hydrogen peroxide 
solution, and water as described above. 

10 As many apparently widely different embodiments 

of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not . limited to the 
specific embodiments thereof except as defdLned in the 

15 appended claims. 
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CLAIMS 

1. A method of manufacturing a substrate which has a 
Ge layer on an insulating layer, comprising steps of: 

forming a first substrate which has a separation 
5 layer and a Ge layer on the separation layer; 

forming a bonded substrate stack by bonding the 
first substrate to a second substrate through an 
insulating layer; and 

dividing the bonded substrate stack at the 
10 separation layer. 

2. The method according to claim 1, wherein the 
insulating layer is formed on the Ge layer. 

3. The method according to claim 1, wherein the 
insulating layer is fonned on the second substrate. 

15 4 . The method according to claim 1 , wherein the 
sepsLcation layer is formed by porosifying a 
semiconductor substrate by anodization. 

5. The method according to claim 1, wherein the 

A- 

separation layer is formed by implanting ions in a 
20 semiconductor substrate. 

6. The method according to cl€uLm 4, wherein the 
semiconductor substrate contains one of silicon and 
germemium. 

7 . The method according to clciim 1, wherein the Ge 
25 layer is formed by epitaxial growth. 

8. The method according to claim 1, wherein the 
insulating layer includes eui oxide film. 
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9. The method according to claim 1, wherein the 
insulating layer contains silicon dioxide (SiOj)- 

10. The method according to claim 1, wherein the 
insulating layer contains at least one of silicon 

5 oxynitride (SiON), aluminum oxide (AljOj), hafnium oxide 
(HfOjj), zirconium oxide (ZrO,), and tantalu m oxide 
(Ta^Oj) . 

11. The method according to claim 1, wherein the 
division step includes a step of dividing the 

10 separation layer by a jet of a fluid or a static 
pressure. 

12. The method according to cladLm 1, wherein the 
division step includes a step of dividing the 
separation layer by annealing the bonded substrate 

15 stack. 

13. The method according to claim 1, wherein the 
division step includes a step of dividing the 
separation layer by inserting a member into the 
separation layer. 

20 14. The method according to cladlm 1, further 

comprising a step of removing a part of the separation 
layer left on the Ge layer on the second substrate 
after the division step^ 

15. The method according to claim 1, further 

25 comprising a step of planarizing a surface of the Ge 
layer after the division step. 

16. The method according to claim 1, further 
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comprising a step of removing a part of the separation 
layer left on the first substrate after the division 
step. 

17. The method according to claim 1, further 

5 comprising a step of planarizing a surface of the first 
substrate and reusing the planarized first substrate in 
the step of forming the first substrate after the 
division step. 

18. A substrate which is manufactured by a method of 
10 manufacturing a substrate as defined in claim 1. 

19. A semiconductor device which is manufactured 
using a substrate which is manufactured by a method of 
manufacturing a substrate as defined in claim 1. 
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FIG. 1 
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FIG. 3 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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